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87 reticulonj=ry%ĵ7 reticulon 4 (Nogo)&>@WjDs B!6qI|
j=R$#&ɈǢ½Ƿȣȼ;'1ŃȜ$ȥȱ3ȣȼ!ǻǬ7Nogo &ƴȽ'





Ȑħ'ūÐŘ½Ƿíĩ¡!7 Paired immunoglobulin-like receptor B (PirB);òĤƪ
ʣɩɰ TLR&!7 TLR9Ǉ&QJ`zȦɼ; PirBūÐǼ%Ðő7";
č÷ƌ! Nogo-A' PirB§ĠǼ%ʀȢʬʱĨƴȽ;ǻž7"č÷8
1½Ƿȟ!' Nogo-B PirB"Ȁ£Ǳ TLRŗȘÐő%ʯ7îȽŘ2
8!ƞȅȐ!'Nogo-B & TLR Ȧɼ%	7ƴȽ;ƭɤ71Nogo Ƶ
ƀqASè)qI|j=R;Ǳ ƭɤ;ɗNogo ƵƀqI|j=R!'ȣ
ȼəˀ TLRŗȘ'Ʒľ!ƪʣɩɰ TLR&ǆŘÜ%4 ɪİ87QJ`
zȦɼ"ǞǺŘO@^F@}ǰǯɐƒ%Ǒň òƱ% NogoƵƀqAS'ƪ






C}_yWWs+&ÉĻ Nogo Ƶƀȣȼ!' "
5Nogo 'ƪʣ
ɩɰ TLR&ʂʇ;«ʐ7"ȇý8qI|j=R%	 Nogo-B&ŉǻǬ






;ɧ/ŊÌŞĤqI|j=R%	7 Nogo-B " PirB &Ȁ£Ǳ'ɞÈ
$
&1 Nogo-B %ȧñ7Éğ&ȬȳǼŹȢ;ɗƋɟ Nogo-B ȧñ




%$5% GRAMD4 TLR ÑǙ
%ǻǬƑ7"3ıȼ¡
5NzR¡+&ıȼʂʇ%ʯ7 small GTPase
!7 Rab1A  GRAMD4 "ȧñ7";ɞÈRab j=ry&Éğ%47
TLR &ĳąÐőƴư&ĠąƎ%Ȅ58 	6GRAMD4  Rab1A %ȧñ TLR
&ʂʇ;ūÐ7ƌ!Nogo-B  GRAMD4 %ñ &ūÐƴȽ;ʱĨ7"
ȇý8
 TLRÑǙ%4 ǻǬɪİ8 GRAMD4' Nogo-B%47ʱĨ

5ʈ8ƪ TLR &C}_yWWs+&ʂʇ;ʛƊ7"!ǞǺŗȘ;ȤŚ
7"ȶ587ƞȅȐ!'Nogo-B " GRAMD4 &½Ƿȣȼ%	7ƴȽ;'1
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5 Toll-like receptor (TLR)
retinoic-acid-inducible protein I (RIG-I)-like receptor (RLR)$#&
&Jzl%Ė
Î87!2 TLR'Ƙ24ȅȐ8 íĩ¡ȴ!7(Takeuchi and Akira, 
2010; Kawai and Akira, 2010) 8.!%g^!' 10ȎˈqAS!' 12Ȏˈ& TLR
Éğ&Ġąƒ5






Ř6TLR4 ypĕȞ;TLR2/1 3 TLR2/6 ypX}fIɷ;ɩɰ7ƌ
TLR9' DNA;TLR33 TLR7' RNA;ɩɰ7Ǧ%ȣȼÂ TLR&ƎȄ&ǯǭǼ
yG}_'À ƪʣ!7185ȣȼÂ TLR'ƪʣɩɰ TLR"ø*"!
7ȣȼÂĳą3yG}_'Ƕ$72&&yG}_;ɩɰ ǆŘÜŎ&ȣȼÂ
QJ`zʗƴư'˕&Jzlʮ!2ÁʋŘːyG}_§ĠǼ% TLR &ȣ
ȼɷ¶_t@}%ʻñ7 MyD88 7' TRIF ;Ŗ˃&>YlXÉğ" Ǉ%
QJ`z;ʗnuclear factor-κB (NF-κB)è) MAP kinase&ǆŘÜ; O@^
F@}KuF@}"ǞǺŘʝğ3ŭ¡ʝğ&ǻǬ;ɪİ7(O'Neill and 
Bowie, 2007; Kawai and Akira, 2007; Takeuchi and Akira, 2010) (Figure 1)TLR%ʯ
7ȅȐ'58.!Éğ&I|a}JyG}_&ŹȢñ7QJ`zʗÉ
ğ&òĤè)ƴȽɢƤ;ŕ%ȝ×Ǽ%ʐ158  




&ǶľŗȘǹŢŋť%ʯ:7"8 7(Barrat et al., 2005; Rahman and Eisenberg, 
2006)85&Ǹś!'ǞǺ% ǻǯ7ȣȼƸ
5ƅÈ8ƪʣŭå"











ƴư!ĳąÐő;í7"885&Ðő%îƵ$Āğ" Unc93 homolog B1 
(Unc93B1)òĤ8(Tabeta et al., 2006; Brinkmann et al., 2007; Kim et al., 2008; Fukui 
et al., 2009)Unc93B1'ıȼ¡%ĳą7ɆɶʋX}fIɷ!6ƪʣɩɰ TLR"
&ǿźȧñ TLR &ťǤ"C}_yWWs+&Ȍɗ%Ŗ˃!7
$5
Unc93B1 %47 TLR &ʂʇ&Ðő%	7Éğƴư'Ɯƒ5
!'$ıȼ¡É
ğ%47ɈǢ½ǷÐő'ʆ&Unc93B1&ę¥!7òƱ%ıȼ¡%ĳą
ȣȼəˀ TLR ;õ0 TLR j=ryÀ¡&Qvn|a}J;ůÉğ" gp96 
(Yang et al., 2007)3 protein associated with TLR4 A (PRAT4A) (Takahashi et al., 2007)Ȅ
58 7.ıȼ¡Ɇ!ɈǢ½Ƿíĩ¡QJ`z;ǿźÐő7Éğ" 
stimulator of interferon genes (STING)ų587(Ishikawa and Barber, 2008; Ishikawa et 
al., 2009)STING' RLR&yG}_!7ȣȼɷ&ʓʽƪʣ;ɩɰ7"!
ǯť87UF}_t[U}Rv(cyclic GMP-AMP)"ǿźȧñǇ&QJ`zÉ





    reticulon (RTN)j=ry%ĵ7Éğ'ıȼ¡(endoplasmic reticulum)%ĳą
Ř;ȇɆɶʋX}fIɷ!6C ƝȔ¶%ƴȽƜȄ& reticulon-homology domain 
(RHD);Áʋ ű(Oertle and Schwab, 2003),"<#&ȁƪǯǥ reticulonʝğ
;űüˈ!' reticulon 1
5 4.!& 4&ʝğòĤ8 785&
ƴȽ% 'ƒ$ǟ2ĕíĩ¡3^x}SpX&ĳąÐő%ʯ 
7"&č÷7(Wakana et al., 2005; Liu et al., 2008; Lee et al., 2011)ƞȅȐ!ŦȂ
ǾÉğ!7 reticulon 4 (RTN-4)'ƦȊȦȟ%	7ʀȢʬ&ʱĨĀğ" 
ɞÈ8(Chen et al., 2000; GrandPré et al., 2000)ƒ5
%$&ƴȽ%2"
neurite outgrowth inhibitor (Nogo)"ùó8RTN-4ʝğ
5'l|uX3Sl
x@Q}JƱņ&ʘ%46% 3&ʝğǰǥ(Nogo-A-B-C)>@WjDs




" ǻǬ7(Oertle and Schwab, 2003)Nogo-BÀɾ&ȥȱ!ƕʔǼ%ǻǬ7
ƌNogo-A'ȊȦȟ!&/Nogo-C'ȊȦ"ˎƫȗ&/!ǻǬ7"č÷8 7




ʬ;ūÐ7"87(GrandPré et al., 2000; Huber et al., 2002)&ƴư%'CjBIX
" & Nogo-ȧñÉğŖɝ!7"ȇý8ŹȢ&ȧƥ Nogo receptor 1 (NgR1)
òĤ8(Fournier et al., 2001)NgR1'ȊȦȣȼ&ȣȼɆ! LINGO1p75TROY
$#&&Éğ"ñȣȼɷFzQAsǛń&Ƒ" small GTPase!7 RhoA
&ǆŘÜ;ɪİ7"!ʀȢ&ʬ;ʱĨ7(Yiu and He, 2006; Nash et al., 2009) 
    ʅłNogo-A &ʀȢʬʱĨƴư% Ƌ$Ȅɞ&Jzl
52
58ŊȅȐħòĤūÐŘ½Ƿíĩ¡!7 Paired immunoglobulin-like 
receptor B (PirB) (Hayami et al., 1997; Kubagawa et al., 1997)% Nogo-Aȧñ7"%
46ȊȦȣȼ%ūÐQJ`z;ʗ7"ȇ8 (Atwal et al., 2008)PirB'
BȣȼƳǧȣȼqI|j=R"ˎˏȟ½Ƿȣȼ%ǻǬ 	6Ǧ%ɈǢ
½Ƿȣȼ%'ːǻǬɩ158&ūÐŘQJ`z&ʗ'ȿy}ʣÜʢȡ!7




%$ 7(Kubo et al., 2009)qASɄɃ%ą 7 Bȣȼʻā!7
B-1 Bȣȼ'ňɈĺêŗŘ;űɈĺŭ¡;řľǼ%ǰǯ 	6B-1 Bȣȼ PirB
;Ƶƀ7"! TLR9yG}_%Į7ŗȘʐɈĺŭ¡&ʕÕǰǯ"Ɉĺ




87ŊȅȐħ&ɢƤ%46nlZ_Ü8 Nogo-66 ' PirB "ːɠúŘ;ű
"è) Nogo-66' PirB"&ȧñ; qS^ȣȼ& TLRŗȘ;ūÐ7"
ƒ5
%$(Matsushita et al., 2011).&JzlɗǞǺŗȘ%	7
Nogo&ƴȽɢƤ
5ȹǽȣȼ%ǻǬ7Nogo-Bȹ& Th2ĉǞǺŗȘ;(Wright et 
al., 2010)ɖȚÂǽȣȼ& Nogo-BǞǺʠ+&½Ƿȣȼ+&Ǌǘ;Ðő7"(Di 
Lorenzoet et al., 2011)č÷8½Ƿȣȼ%	7 Nogo&ƴȽ',"<#ɢƒ
8 $ƞȅȐ!'ɈǢ½ǷŗȘ%	7 Nogo&ƴȽ;Ȑƒ71Nogo-A/B
Ƶƀ (nogo-A/B-/- ) qAS;ÏǱNogo;ːǻǬ7qI|j=R& TLRŗȘ%Ȃ
Ǿ ɢƤ;ɗ







    C57BL/6 (B6)qAS'ƏƞI{>Ʃņȉ(Shizuoka, Japan)
5ɸ¿
Nogo-A/BƵƀ(nogo-A/B-/-)qAS' Yale University& Stephen M. StrittmatterâĒ46É
8TLR9Ƶƀ(Tlr9-/-)qAS'EyC}Xze@EOhS(Kyoto, Japan)46ɸ
¿ 







    Poly(I:C) (LMW)R837 (Imiquimod)Pam3CSK4è) FSL-1' Invivogen (San 
Diego, CA)
5ɸ¿ Nuclease-stable phosphorothioate-modified CpG-B 1826 
(5'-TCCATGACGTTCCTGACGTT-3')'ÝǉʖQS\s~O@C}SƩņȉ(Sapporo, 
Japan)
5ɸ¿Cy5Ʋɰ8 CpG-B 1826è) Alexa Fluor 647Ʋɰ8 CpG-B 
1826 'ƩņȉƏƞʝğȅȐŧ(Sendai, Japan)è)ƩņȉƏƞe@EOhS
(Saitama, Japan)
588ɸ¿ɔ¼Ʋɰq@I|hT (Fluoresbrite YG 
Microspheres, 1.00 µm)' Polysciences (Warrington, PA)
5ɸ¿LPSPolybrene
biotinƲɰ anti-FLAG-M2ŭ¡agarose-conjugated anti-FLAG-M2ŭ¡è) anti-β-actinŭ
¡' Sigma-Aldrich
5ɸ¿anti-Nogo-A/Bŭ¡' Imgenex (San Diego, CA)
5ɸ
¿anti-Myc (#2278)anti-IκB-α (#9242)anti-phospho-p38 (#9211)anti-p38 (#9212)
anti-phospho-ERK1/2 (#4370)anti-phospho-STAT1 (#9171)è) anti-STAT1 (#9172)ŭ¡
' Cell Signaling Technology (Beverly, MA)
5ɸ¿anti-IRAK1 (H-273)anti-TRAF6 
(H-274)è) anti-ERK2 (K-23) ŭ¡' Santa Cruz (Santa Cruz, CA)
5ɸ¿
anti-MyD88ŭ¡' QED Bioscience (San Diego, CA)
5ɸ¿Polyclonal anti-PirBè
) anti-PRAT4A ŭ¡' R&D Systems (Minneapolis, MN)
5ɸ¿horseradish 
peroxidase (HRP)Ʋɰ8 anti-rabbit IgGè) anti-mouse IgG' Amersham Pharmacia 
Biotech (Buckinghamshire, U.K.)
5ɸ¿monoclonal anti-PirA/B (clone 6C1)è) PE
Ʋɰ8 anti-mouse CD11b (clone M1/70)ŭ¡' BD Biosciences
5ɸ¿Alexa 
Fluor 647Ʋɰ8 anti-mouse F4/80 (clone A3-1)PEƲɰ8 anti-mouse TLR4 (clone 




MTS510)PE Ʋɰ8 anti-mouse IgG (Poly4053)è) Alexa Fluor 647 Ʋɰ8
anti-mouse LAMP1 (clone 1D4B)ŭ¡' Biolegend (San Diego, CA)
5ɸ¿




    NƝȔ FLAGXJmIXpFF6-FLAGè)NƝȔMycXJmIXpEF6-Myc
' pEF6/V5-His (nvitrogen, San Diego, CA)&XJ˄Ċ; FLAGʡË7' MycʡË
%ȲŽ7"!£ɛpEGFP-N3' Clontech (Palo Alto, CA)
5pTagRFP-C
' Evrogena (Moscow, Russia)
588ɸ¿qAS Nogo-B2GRAMD4Rab1A
LRCH4ðǻǬmIX'C57BL/6qASǲƢ& cDNA;ʩĉ" PCR!đĿ
ðʝğ; pFF6-FLAG 7' pEF6-Myc &I|a}JO@^%88ŵ¿
7"!£ɛCƝȔ enhanced green fluorescent protein (eGFP)ɕñ Nogo-B2è)
CƝȔ red fluorescent protein (RFP)ɕñ GRAMD4ǻǬmIX'qAS cDNA;ʩĉ
" đĿðʝğ; pEGFP-N3 7' pTagRFP-C &I|a}JO@^%
88ŵ¿7"!£ɛCƝȔ% GFP;ɕñqAS TLR9 (TLR9-GFP)
;ǻǬ71&{^|A@zSmIXpMX-IRES-rCD2-TLR9-eGFP'qASǲ
Ƣ& cDNA ;ʩĉ" đĿ TLR9 ʝğ; pEGFP-N3 %OkI|a}J




{pXlxSr_ pELAM1-Luc 'g^ E-selectin ʝğ&+30 
5−52 .!&ʡË




    qASqI|j=RƱȣȼƩ RAW264.7 ' ATCC (Manassas, VA)
5g^
Ȼ¾ǲƢɂɇǽ 293TȣȼƩ' RIKEN Cell Bank (Tsukuba, Japan)
588ɸ¿
10% fetal calf serum (FCS)0.1 U/mlnaQy}0.1 µg/mlS^{l^q@Q};ǎØ
 DMEM (Sigma-Aldrich, St. Louis, MO)!37°C 5% CO2&ơ!ċˌˎˏ
ǲƢqI|j=R(bone marrow-derived macrophages; BMMs)'&4%ɬɛ
qASĖɅˎè)Ⱦˎ
5Ÿìˎˏȣȼ;ǗɖÇǭŎ10% FCS0.1 U/mln
aQy}0.1 µg/mlS^{l^q@Q}20 ng/ml M-CSF (PeproTech, Rocky Hill, NJ);




ǎØ DMEM% 1.0 × 106 cells/ml&ȣȼĬń!ƁȎ37°C 5% CO2&ơ!ċ
ˌċˌ 4ƏǾ%ċĆŽ;ɗɣ 7Əʮċˌ Ő58źȂȣȼ; BMM




Ò<ʓʽȣȼ; 10% FCS0.1 U/mlnaQy}0.1 µg/mlS^{l
^q@Q}2 mM GlutaMAX˔mMizh}ʣ`^yAsè)ʿŖ˃>rdʣ;ǎ




    TLR9-GFP; BMM%ǻǬ71{^|A@zS;Ǳʝğİ¿;
ɗ.ʆ& pMX-IRES-rCD2-TLR9-eGFP;{^|A@zSf[KRUzx
@} Plat-E (Cell Biolabs, San Diego, CA)%ypjBIQw}ɧɒ(Lipofectamine LTX, 
Invitrogen);Ǳ ʕŘ%İ¿48Ɣʮ&ċˌ&Ŏ{^|A@zS;õ0ċˌ
Ǐ;ÿë0.45 µm j?zX!ǜʕ ȣȼƹǒ;ʵçBMM +A@zS
;šƧ71BMM +&ɪİ 2 ƏǾ&ˎˏȣȼ; 20 ng/ml MCS-F8 µg/ml &




ȚǭɟĤ%2"ƣÝĖġØˑàġȅȐŧÂ& P2{mzĥˍħ%	 ɗ 
 
2.6TLR?%C2nF: ,(1$Cj
    13ʏˑ
5 14ʏˑ&ʦǯĉè) nogo-A/B-/-&ʼqAS%¡ʥ 1 kg6 5 mg
& poly(I:C)15 mg& LPS.'cG\?kM}^|z" ǯǭˊďƿ;ɄɃÂŬ
Ŭ 3ƔʮŎ%qAS; CO2GS!ģƯƸŸɖ;ɗɖǌ
5ɖǏ
;ÉʽɖǏ& IL-6è) IL-12p40&Ǜń; ELISAH[^(Biolegend)%4 ǔĤ
 
 
2.7   Nogo-BK½WP]X^ 
    RAW264.7 % pEF6-FLAG-Nogo-B2 ;^x}SjBIQw}5 µg/ml 
blasticidin S (Sigma-Aldrich)!U{IQw}7"! FLAG-Nogo-B2 ģĤǻǬȣȼƩ
(RAW-FLAG-Nogo-B);ƳȒRAW-FLAG-Nogo-B è)cG\?kM}^|z"
 &RAW264.7; lysis buffer [0.75% Brij 97, 50 mM HEPES (pH 7.4), 100 mM NaClè)




10% glycerol];Ǳ protease ʱĨÔ(Sigma-Aldrich)è) phosphatase ʱĨÔ(Roche, 
Mannheim, Germany)&Ġą!ǗɢȣȼǗɢǌ' 4°C! 30Éɿ±Ǎú
Ŏ12,000 g! 10ÉʮʙŕǂƼǥ;ʵçǏ;ʲ&O}lz" Ǳ
ȣȼǗɢǌǏ'qAS IgG>G|ShT(Sigma-Aldrich)" 4°C! 2Ɣʮêŗ
 l{Iy>;ɗʙŕÇǭ%4 Ő58Ǐ; anti-FLAG-M2>G|Sh
T(Sigma-Aldrich)" 4°C ! 4 ƔʮêŗhT' PBS !ǅǈŎ100 mM 
glycine-HCl (pH 2.7)"êŗ ȧñX}fIɷ;ǗÈǗÈǌ& Nogo-B2
ñX}fIɷ;òĤ71ƩņȉàġǯǥġȅȐŧ(Nagoya, Japan)ż¦7
iTRAQ ǃ%47X}fIɷ&ȬȳǼ$ƾʁĤʧɢƤOhS;ÏǱ ɷʧÉƤ;ɗ
.»ʆ&ǗÈǌ;ʳĔǜʕ!Ǜȯ50 mM trimethylaluminum acetatee[j
=+e[j=ȲŽ;ɗBCA Protein assay kit (Pierce, Rockford, IL);Ǳ X}f
IɷǛń;ǔĤʟºÔ" cysteine blocking reagent;ØŎ30 µg&ǗÈX}
fIɷ;õ0Ǘǌ;^ylQ}Çǭ̂ ylQ}ǋÜnlZ_'ĤʧɢƤ%Ǳ7
ģĤò¡ƲɰH[^ iTRAQ Reagents-4Plex kit (AB SCIEX, Framingham, MA)!xmz
ȿď&Ŏ% AB SCIEX CEX columns%4 8jxIQw}%ÉǴiTRAQ
!xmz8ðÉǴ&nlZ_'ʉȀǌ¡I|q^Jxj?(DiNa System, KYA 
TECH, Tokyo, Japan)"ɷʧÉƤþ(TripleTOF 5600, AB SCIEX);Ǳ ɢƤ 
 
2.8   <47B001©x 
    BMM' lysis buffer [1% NP-40, 20 mM Tris-HCl (pH 7.3), 150 mM NaCl, 10 mM 
EDTA, and 10% glycerol];Ǳ protease ʱĨÔ" phosphataseʱĨÔ&Ġą!Ǘɢ
ȣȼǗɢǌ'ʙŕ%4 ƪ;ʵç&Ǐ;O}lz" ʲ&Çǭ
%ǱēŘŎ&O}lz' sodium dodecyl sulfate-polyacrylamid gelelektrophorese 
(SDS-PAGE)%4 ÉʽX}fIɷ; PVDF Ɇ%ɿÄPVDF Ɇ'ƲǼÉğ
&ǦǶǼŭ¡"êŗŎHRPƲɰ8ƶŭ¡"êŗECL Plus Western 
Blotting Detection Reagents (GE Healthcare, Piscataway, NJ)を加えて発光させた。画像は
LAS-4000 mini image analyzer (FUJIFILM, Tokyo, Japan);Ǳ ìŐɢƤ;ɗ 
 
2.9   ^º?@/< PCR 
    ȣȼ
5& RNA'ŮÈ RNeasy Mini kit (Qiagen, Valencia, CA);Ǳ ɗ
cDNA +&ʉɿÄêŗ%' ReverTra Ace (Toyobo, Osaka, Japan);¤ǱSYBR 
GreenER qPCR SuperMix (Invitrogen)" CFX Connect Real-Time PCR Detection System 
(Bio-Rad, Hercules, CA);Ǳ Ő58 cDNA;ʩĉ" đĿêŗ;ɗðʝ







nogo-A, forward, 5'-GCAGAGCTGAATAAAACTTCAG-3', 
 
reverse, 5'-GTTCACATGACCAAGAGCAG-3', 
nogo-B, forward, 5'-GCAGGGGCTCGGGCTCAGTG-3', 
 
reverse, 5'-GTTCACATGACCAAGAGCAG-3', 
nogo-C, forward, 5'-ATCAGAAGAAACGTTGGAAGG-3', 
 
reverse, 5'-GTTCACATGACCAAGAGCAG-3', 
Il-6, forward, 5'-CCACGGCCTTCCCTAC-3', 
 
reverse, 5'-AGTGCATCATCGTTGTTC-3', 
Tnf, forward, 5'-AAAATTCGAGTGACAAGCCTGTAG-3', 
 
reverse, 5'-CCCTTGAAGAGAACCTGGGAGTAG-3', 
Il-12b, forward, 5'-TGGTTTGCCATCGTTTTGCTG-3', 
 
reverse, 5'-ACAGGTGAGGTTCACTGTTTCT-3', 
Il-1b, forward, 5'-GCAACTGTTCCTGAACTCAACT-3', 
 
reverse, 5'-ATCTTTTGGGGTCCGTCAACT-3', 
Il-10, forward, 5'-GCTCTTACTGACTGGCATGAG-3', 
 
reverse, 5'-CGCAGCTCTAGGAGCATGTG-3', 
Cxcl1, forward, 5'-ACTGCACCCAAACCGAAGTC-3', 
 
reverse, 5'-TGGGGACACCTTTTAGCATCTT-3', 
Ifnb, forward, 5'-CAGCTCCAAGAAAGGACGAAC-3', 
 
reverse, 5'-GGCAGTGTAACTCTTCTGCAT-3', 
Unc93b1, forward, 5'-GGCTCCCTTGGACGAACTC-3', 
 
reverse, 5'-CACGTTCTTGACCACTCCGAG-3', 
Gramd4, forward, 5'-CTCCCCGTCATGTCCAGGTG-3', 
 
reverse, 5'-CTGTTGAAGTCCTGCACGC-3', 
Lrch4, forward, 5'-GTCCAACCGGCGTTTGAAG-3', 
 
reverse, 5'-GGGTGATGTCTGACAAGTCGT-3', 






   




2.10  6BD(1=1?D 
    ɢƤ%Ǳȣȼ'qASɄɃè) BMM
5ɬɛɄɃȣȼ'ǀÅ PBS
!ɄɃÂ;ǅǈ7"!ÿëáʽȣȼ'Ƨɋe[j=(2% FCS;õ0ǀ




Ƥ'PFA!ĄĤȣȼɆʊʕÇǭ BMM;Ǳ anti-mouse TLR9 (clone B33A4)
" PEƲɰ8 anti-mouse IgGŭ¡;¤Ǳ Ǝ%č÷8 7Ũǃ%ŏ ɗ
(Onji et al., 2013)Ƨɋȣȼ&]X'j|O@^tX(FACSCalibur, BD 
Biosciences, San Jose, CA);Ǳ ìŐFlowJo software (Tree Star, Ashland, OR)%4
 ɢƤ 
 
2.11  CpG-BV¶bZ©x 
    CpG-B &ì6ʄ/Ƚ×&ɢƤ&1BMM ; 24-well l{^% 1.25 × 105 
cells/well&Ĭń!ƁȎCy5Ʋɰ CpG-B! 10ÉʮÑǙBMM;ǅǈ
Ŏ trypsin Çǭ%46ÿëj|O@^tX! Cy5 &ɔ¼ŉń;ǔĤ
CpG-B &ȣȼÂĳą&ɢƤ'&4%ɗCpG-B "ÌƚC}_yWWsq
F (Rab5)&ÁĳąɢƤ&1BMM' 0.5 µM CpG-B-Cy5! 10ÉʮÑǙǅǈ
Ŏ% 4% paraformaldehyde (PFA)"ħǓ! 15ÉʮÇǭĄĤĄĤȣȼ' 0.2% 
Triton X-100"ħǓ! 5ÉʮêŗʊʕÇǭ1% BSA/PBS! 30Éʮk|[H}J
5% 1% BSA/PBS! anti-Rab5 antibodies (#2413, Cell Signaling Technology, 
Beverly, MA)"ħǓ! 1ƔʮêŗŎ1% BSA/PBS! Alexa Fluor 488Ʋɰ8
ƶŭ¡(Invitrogen)"ħǓ! 1ƔʮêŗCpG-B"yWWs&Áĳą&ɢƤ
&1BMM' Alexa Fluor 647Ʋɰ8 0.2 µM CpG-B" LysoTracker Red DND-99 
(Invitrogen) ! 1 ƔʮÑǙǅǈŎ%ĄĤ%]X;ìŐǴ¸]X&ì
Ő"ɢƤ%'Áǡǟ{Pɺƨĉˇœʫ(Fluoview FV1000, Olympus, Tokyo, Japan);
¤Ǳ 
 
2.12  RNAd_À 
    ÂąŘ&ʝğ;ǻǬūÐ71qAS Gramd4" Lrch4& cDNAʡË;
ƲǼ" siRNAEyNbI{EZ_%47 RNAŀǐǃ;Ǳðʝğ%Į7
siRNA"cG\?kM}^|z siRNA' Dharmacon (Lafayette, CO) 
5ɸ¿
RAW264.7'ŭǯǥɷ;õ.$ċĆ;Ǳ 5.0 × 105 cells/well&Ĭń! 6-welll{




^%ƁȎBMM 'ŭǯǥɷ;õ.$ċĆ;Ǳ 7.5 × 104 cells/well &Ĭń!
48-welll{^%ƁȎsiRNA&^x}SjBIQw}' Lipofectamine RNAiMAX 
(Invitrogen);Ǳ ɗʝğǻǬūÐ&Úǫ' siRNAİ¿& 48Ɣʮ
5 60ƔʮŎ
%ȣȼ
5 RNA ;ŮÈmRNA ǻǬʧ;y>zX@s PCR !Ĥʧ7"%4
 Ȇɩ 
 
2.13  @*6!>D-A9D/D©x 
    RAW264.7 'ŭǯǥɷ;õ.$ċĆ;Ǳ 1.0 × 106 cells/well &Ĭń!
6-welll{^%ƁȎLipofectamine LTX;Ǳ ǻǬmIXè){pXlx
Sr_(pELAM1-Luc è) pGL4.74-TK-Luc);^x}SjBIQw}36 ƔʮŎ
ȣȼ; 48-welll{^%ÃƁȎ5% 12Ɣʮċˌȣȼ% 6Ɣʮ&ÑǙ;Ø
Ŏpassive lysis buffer (Promega)!ȣȼ;ǗɢǗɢǌ 10 µl6 50 µl&
Dual-Luciferase Reporter Assay System (Promega Corp., Madison, WI)&êŗǌ;ØzQ
jBxVǆŘ&ǔĤ"ɢƤ; LMAX II384 (Molecular Devices, Sunnyvale, CA)"





2.14  MAD)D¾h»¨` 
    Nogo-B " GRAMD4 &ȣȼÂĳą&ɢƤ'ɔ¼X}fIɷ;ɕñ
88&X}fIɷ; MEF %ʕŘ%ǻǬ7"!ɗMEF ' 8.0 × 104 
cells/well&Ĭń! 6-welll{^%ƁȎNogo-B2-GFP.' GRAMD4-TagRFPǻ
ǬmIX; Xfect transfection reagent (Takara, Otsu, Japan);Ǳ ^x}SjBIQw
}ȵƏȣȼ; µ-Dishes (ibidi GmbH, Munich, Germany)%ÃƁȎ5% 24Ɣ
ʮċˌıȼ¡;Ƨɋ71MEF; BODIPY-FL.' BODIPY-TRƲɰ8
 ER-Tracker (Invitrogen);õ0 HBSS!êŗƧɋŎMEF' 4% PFA! 2
ÉʮÇǭ ĄĤTLR9-GFP"yWWs&Áĳą&ɢƤ&1TLR9-GFP;
ǻǬ7 BMM; µ-Dishes%ƁȎ&ȵƏ% 60 nM LysoTracker Red DND-99" 1
Ɣʮêŗ yWWs;ƧɋÂąŘ TLR9 &Ƨɋ"yWWs&Ʋɰ'
anti-mouse TLR9 (clone J15A7)Alexa Fluor 488Ʋɰ8 anti-mouse IgGŭ¡è) Alexa 
Fluor 647 Ʋɰ8 anti-LAMP1 ŭ¡;Ǳ Ǝ%č÷8 7Ũǃ(Onji et al., 
2013)%ŏ ɗǴ¸]X&ìŐ"ɢƤ%'Áǡǟ{Pɺƨĉˇœʫ
Fluoview FV1000;¤Ǳ 





2.15   ªO 
    ȨɣÇǭ%' Student t-test;Ǳp < 0.05&ĎñȨɣǼ%ƙŠ!7Í
Ĥ 






3.1   K£	 Nogo.6#D<5/DC|« 
    Nogo&>@WjDs B (Nogo-B)½Ƿȟ;õ0ŃȜ$ȥȱ3ȣȼ!ƕʔǼ
%ǻǬ7ƌNogo-A &ǻǬ'ȊȦȟȥȱ%ʳ587"87ƞȅȐ!'.
Nogo-A/B ǦǶǼŭ¡;Ǳ ȊȦȟ"qI|j=R%	7 Nogo >@WjD
s&ǻǬfX};ɢƤ(Figure 2A)qAS&ɀȥȱO}lz&ABSX}k|[
^ɢƤ&ȧƥȊȦȟ!' Nogo-A è) Nogo-B&e}_Ȇɩ!785&e_
}_' Nogo-A/BƵƀqASǲƢ&O}lz!'ƭÈ8$"
5ŭ¡'ÂąŘ





 đĿ!7lx@q;¤Ǳ y>zX@s PCRɢƤ;ɗ(Figure 2B)&
ȧƥ8.!&č÷ʋ6ɀ!' Nogo-ABCÀ &>@WjDs&ǻǬȆɩ
8BMM%	 ' Nogo-BŉǻǬ 72&&Nogo-C&ǻǬ'ƭÈ
8Nogo-A &ǻǬ2 Nogo-B "ƾʁ Ʈ1 {mz!qAS&
Nogo-B %'19 >rdʣƹČÉ&ʬǶ$7 Nogo-B1(ÉğʧȠ 42 kDa)"
Nogo-B2(ÉğʧȠ 46 kDa)Ġą7"č÷8 7(Oertle et al., 2003; Yu et al., 
2009)>@WjDs B1 " B2&ǻǬfX};Ȏ&½Ƿȣȼ!ƭɤ71ʦ
ǯĉqAS&Ɂɇȣȼè)áʽɁɇǲƢ& T ȣȼB ȣȼˎˏǲƢ&Ƴǧȣȼ
(bone-marrow derived dendritic cells; BMDCs)è)qI|j=R%	7Nogo-B&ǻǬ
;ABSXk|[^!ƭɤ(Figure 2C)Nogo-B'ɢƤ½ǷȣȼÀ !ǻǬ
 BȣȼƳǧȣȼqI|j=R"ˎˏȟ½Ƿȣȼ!ŉǻǬɩ
158Ǧ%qI|j=R!'Nogo-B2 &ǻǬ Nogo-B1 "ƾʁ ¹!
 
 
3.2   Nogo-A/Bp:&B6D+¤©x 
    Nogo-A/BƵƀqAS&ˎˏȣȼ'M-CSF&Ġą!Ʒľ%qI|j=R+
"ÉÜȣȼđƺʌń%Ƕľ'ɩ158$
(]Xöȇ).ťǤqI
|j=R&qF!7ȣȼəˀŭå CD11b" F4/80&ǻǬ2 Nogo-A/BƵƀqI
|j=R"ʦǯĉȣȼ&ʮ!Ĺ'$
(Figure 3A).qI|j=R&ǦŔ&







=R%	 Nogo-B2 ːǻǬ7ƌNogo-A ',"<#ǻǬ $"
)% Nogo-B&ǻǬ;Ę 2qI|j=R" &ÉÜťǤ%Ƕľ'ǯ$
"Ȇɩ8 
 
3.3   :&B6D+ TLRj	 Nogo-B¼F|« 
    qI|j=R'ƝƬȥȱ%ÉĻȥȱ%©¿šƧœǯǥ;ɩɰ7




interleukin-6 (IL-6)&ǻǬʧ; ELISA "y>zX@s PCR !ɢƤ7"!ɦ¨




}_"$7 CpG-Bpoly(I:C)R837ÑǙ%4 ǻǬɪİ87 IL-6'ʦǯĉȣȼ
"ƾʁ mRNAX}fIɷ8&{mz%	 2 Nogo-A/BƵƀqI|j=
R%	 ɐǑň &ŗȘÀ' IL-6 &ǻǬ&/!ɞ587&!'$
TNF3 CXCL1$#&ǞǺŘO@^F@}3KuF@};õ0ɦ¨Įɲ"ÑǙ
ɪİŘ&À &ʝğǻǬ!òƱ%ɡĭ8(Figure 4C) 
    yG}_;ɩɰ TLR 'Ŗ˃&>YlXÉğ!7 MyD88 .' TRIF
; 
QJ`z;ʗNF-κB3 MAP kinase&ǆŘÜ;Ȧ ǞǺŘʝğǻǬ
;ɪİ7(O'Neill and Bowie, 2007; Kawai and Akira, 2007; Takeuchi and Akira, 2010) 
(Figure 1)>YlXÉğ" TLR9'MyD88;TLR3' TRIF;88¤Ǳ




^!ɢƤʦǯĉqI|j=R!' CpG-B è) poly(I:C)ÑǙ% p38 MAP 
kinase 3 STAT1 &y}ʣÜ7' NF-κB ǆŘÜ&ŲƲ"$7 IκB-α&Éɢʌ3

%ɪİ87Nogo-A/B Ƶƀȣȼ!'85%ʒŅǯǆŘÜ&ȍń2
ǧŢ!(Figure 4D, E)ƌ! TLR4;ÑǙĎñ%ɞ587QJ`zʗÉğ
&ǆŘÜ'Nogo-A/BƵƀqI|j=R!2Ʒľ%ǯ  (Figure 4F) 




    &ȧƥ
5Nogo'ȣȼəˀ TLR&Ȧɼ%'Ōˁ;$qI|





 TLR%47yG}_ɩɰ$#&Ìƚ&ƻʷ% Nogo-B'ʯ7"ȇý8 
 
3.4   : ,(1$Cj	 Nogo¤|« 











71Ŭ 3ƔʮŎ&ɖǏ& IL-6è) IL-12p40&Ǜń"Ɂɇȣȼ& IL-6è) type 
I interferon (IFNβ) mRNA&ǻǬ{mz;Ĥʧ&ȧƥÑǙ§ĠǼ$ɖǏ&O
@^F@}ǛńƑɁɇȣȼ&O@^F@}ʝğǻǬ'"2% Nogo-A/BƵƀqA
S%	 Ǒň (Figure 5B, C)ĮǣǼ%LPS%4 ɪİ87O@^F@
}ŗȘ'Ʒľ!(Figure 5D).6in vitro!ɡĭ8ȧƥ"òƱ%in vivo
%	7ƪʣɩɰ TLRŗȘ%2 NogoŖɝ!7"ȇ8 
 
3.5   {¹?%C2V¶¤S£NbZ¨` 




"ʂʇ87"!ʀȢʬʱĨ£Ǳǻž87"č÷8 7(Joset et al., 2010)
! Nogo-ByG}_&ì6ʄ/3&ȣȼÂʂʇ%ʯ7îȽŘ;ƭɤ7
1ɔ¼Ʋɰ8 CpG-B ;Ǳ ĥˍ;ɗCpG-B ' clathrin §ĠǼ$C}_
O@^QSȦɼ%4 ʌ3
%ȣȼÂ%ì6ʄ.87"Ȅ58 7




(Takeshita et al., 2004; Blander; 2012)BMM; CpG-B-Cy5!ÑǙȣȼÂ%ì6ʄ.
8 Cy5 &ɔ¼ŉń;j|O@^tX!ɢƤCpG-B &ì6ʄ/Ƚ×%
	 ʦǯĉȣȼ" Nogo-A/B Ƶƀȣȼ"&ʮ!Ĺ',"<#ɞ58$
(Figure 
6A)Ȫ ì6ʄ.8 CpG-B&ȣȼÂĳą;ƐƚC}_WsqF!7 Rab5
"&Áĳą;Áǡǟˇœʫ!ɡĭ7"%4 ɦ¨Nogo-A/B Ƶƀȣȼ!
Ƕľ'ɩ158$
(Figure 6B)ƶ%yWWsƧɋɧɒ!7 LysoTracker !
BMM ;Ƨɋɔ¼Ʋɰ CpG-B "&Áĳą;ɡĭʦǯĉȣȼ"ƾʁ 
Nogo-A/BƵƀȣȼ%	 ĳąŘ%ʘ'ɞ58$"òƱ&ȧƥ;Ő(Figure 
6C). TLR&ǻǬʧɈ¡% Nogo-Bʯ7îȽŘ;ȶţTLR9Ƶƀ˒ Tlr9−⁄−˓
qAS%ǲƢ7 TLR9 ƵƀqI|j=R;cG\?kM}^|z"j|
O@^tX!ȣȼÂ& TLR9 ǻǬʧ;ƭɤNogo-A/B Ƶƀȣȼ%	 
2 TLR9&ǻǬʧ'Ʒľ!(Figure 6D)òƱ&ƭɤ;ȣȼəˀ& TLR4% 
2ɗǻǬʧ%Ƕľ'ɞ58$
 




3.6   TLR9£NbZ©x 
    »ʆ&4%ƪʣɩɰ TLR'yG}_;ɩɰ71% Unc93B1"&ȧñ
%§Ġƴư!C}_yWWs+Ȍɗ7"îƵ!7ƪʣɩɰ TLR &
ųÛ;ɦ¨71CƝȔ% GFPXJ;ɕñ TLR9 (TRL9-GFP);{^|A@
zS;Ǳ BMM%ǻǬ&ĳą;ɡĭTLR9-GFP'ÂąŘ TLR9"ò
Ʊ% Unc93B1 §ĠǼ%l|UQ}J;í ťǤĉ"$6Ʒľ%ƴȽ7"Ǝ
%Ȇ
158 7(Avalos et al., 2013)ĤľǧŢ&ʦǯĉqI|j=R%	 
ʠ& TLR9-GFP' LysoTrackerʶŘ&C}_x@WWs%ĳą7"ɩ158
(Figure 7A)8.! 293ȣȼ$#&ƞƢ' TLR9ȦɼƴȽ $ȣȼ% TLR9






5ťǤĉ"$ C}_x@WWs%Ȍɗ 7"ȇý8 7
(Avalos et al., 2013; Onji et al., 2013)ŏ ʦǯĉqI|j=R!ɡĭ8
TLR9-GFP&ĳąfX}'ěŊ$2&!7"7ƌ! Nogo-A/B ƵƀqI|









sqF!7 LAMP1 %Į7ŭ¡;Ǳ òƱ&ɢƤ;ɗ"9
Nogo-A/B ƵƀqI|j=R!' TLR9 " LAMP1 &Áĳąʦǯĉȣȼ"ƾʁ 
Ǒň (Figure 7C)ŏ TLR9&C}_x@WWs+&ʂʇʧ 
7"Nogo-A/BƵƀqI|j=R!ɡĭ87 CpG-BÑǙ%Į7ŗȘÀ
&åĀ!7"ȇý8 
    ƪʣɩɰTLR&ʂʇ"ťǤ%'Unc93B1Ŗ˃&ōÖ;ƥ1Unc93B1
& mRNA ǻǬʧ;y>zX@s PCR !ɢƤNogo-A/B ƵƀqI|j=R!
Ƕľ'ɞ58$














3.7   Nogo-BWP]o GRAMD4X^¤©x 
    Nogo-A' ERĳąŘ&Qvn|}Éğ!7 protein disulfide isomerase (PDI)
&ĳą;ÐőPDI&Qvn|}" &ʚÊ$ƴȽ&ȫű%ī7"č÷
8 7(Yang et al., 2009). reticulonj=ry&Éğ&%'ıȼ¡
5ȣȼɆ
3NzR¡C}_Ws"&ɆǴÉ+&ǥɷʂʇ%ʯ:7"ȇý8 







Nogo-66˄Ċ; Ngr13 PirB"Ȁ£Ǳ7"ȇý8 7ȊȦȣȼ%	
 NgR1'CjBIXÉğ!7"Żǔ87 p753 TROY"ɜñ¡;ŋť7"
87(GrandPré et al., 2000; Huber et al., 2002)
qI|j=R;ǱABSX







& IL−6 ;ǰǯ(]Xöȇ)PirB 'qI|j=R;õ0ˎˏȟ½Ƿȣȼ%
ːǻǬŃȜ$½ǷŗȘ;ɳ%Ðő7Éğ" ɊȄ58 	6ŊȅȐħ&ȑ
5' PirB TLR9ŗȘ;ūÐ7";č÷ 7(Ho et al., 1999; Maeda et al., 1999; 




293T ȣȼ% Nogo-B " PirB ;ʕÕǻǬ!ɗ½Ƿǂʲĥˍ%	 2
Nogo-B" PirB&ȧñ'Ȇɩ8$
(Figure 8B, C)$:ȊȦȟ!' Nogo
" Ngr1$ PirBȀ£Ǳ7îȽŘ7½ǷȣȼĲ$"2qI|j=
R!' NgR13 PirB' Nogo-B"ȧñ$"ȇý8 
 !½Ƿȣȼ%	7 Nogo-BȧñÉğ;ŹȢ71FLAGXJɕñ Nogo-B2
;ģĤǻǬ7 RAW264.7 qASqI|j=RƱȣȼƩ(RAW-Nogo-B);ƳȒ
ʅł&ģĤò¡XJ%47nlZ_ƲɰŪɘ"Ĥʧ(iTRAQ)Ũǃ&ô%46X}
fIɷĠąʧ&ȬȳǼ$ƾʁĤʧ"òĤîȽ"$ 	6(Aggarwal et al., 2006)ƞ
ȅȐ!' iTRAQ "ɷʧÉƤ;Ǳ RAW-Nogo-B %	7 Nogo-B ȧñÉğ&Ȭȳ




]X%'nlZ_ʡË" &ŝč!$RAW-Nogo-B " RAW264.7 ǲ
Ƣ&O}lzʮ!&ðnlZ_&ƾʁĤʧŝčõ.8 	6&nlZ_Ġąʧ&
ȀĮ³"òĤ8X}fIɷ&®ˆń;Čǖ" ɢƤ;ɗȠ 40 & Nogo-B ȧ
ñ²ɚX}fIɷ;Ő 
    85&²ɚÉğ%88 MycXJ;ɕñ I|a}J293Tȣȼ
%	 FLAG-Nogo-B""2%ŉÐǻǬ½Ƿǂʲĥˍ%4 ȧñȽ;ɦ¨
&ȧƥGRAMD4è) leucine-rich repeats and calponin homology domain containing 
4 (LRCH4) Nogo-B"ŉȧñ7Éğ" ɞÈ8 (Figure 9A, D)85&
 LRCH4 'ʢƽ;Ǳ two-hybrid ǃ%4 Nogo "ȧñ7"ȇý8É




Gramd4 ʝğ%Į7 siRNA Çǭ%4 ÂąŘ Gramd4 &ǻǬūÐȆɩ8
(Figure 9B)Gramd4d[IYA}ȣȼ!' CpG-BÑǙ% IL-6 mRNA&ǻǬʧ






ý8ƌ! LRCH4 ' Nogo-B "ȧñ7&ǻǬ;ūÐ 2 TLR9 ŗȘ
'ēÜ$















&ȣȼ!'ǻǬ{mzǧŢ%6TLR ÑǙ§ĠǼ%ǻǬɪİ8 TLR Ȧɼ
;ʛƊ7"Ȅ58 7(Liew et al., 2005)!ǦǶǼŭ¡;Ǳ CpG-BÑ
ǙʦǯĉqI|j=R%	7 Nogo-B è) GRAMD4 &ǻǬ{mz;ABSX
}k|[^!ƭɤ"9Nogo-B &ǻǬʧ'ÑǙ&ƙǠ%4 ēÜ$
GRAMD4'ÑǙ§ĠǼ$ǻǬɪİɞ58(Figure 9H) 




3.8   Nogo-BGRAMD4H{¹¬± TLR³Qg}|
« 
    GRAMD4 " Nogo-B &ʎʯ;ƭɤ71ɔ¼X}fIɷ"ɕñ
Nogo-Bè) GRAMD4;ʦǯĉ MEF%ǻǬ.88&X}fIɷ"ıȼ¡
Ƨɋɧɒ ER-TrackerʶŘ˄Ċ"&Áĳą;Áǡǟˇœʫ!ɡĭ(Figure 10A)8
8 100 ¯&ȣȼ;Ǳ ɔ¼ŉń;ǔĤȀʯªƇ˒r˓;șÈ"9
Nogo-B-GFP " ER-Tracker !' r = 0.647 !6ȍń&Ȁʯ;ȇƌ
GRAMD4-TagRFP" ER-Tracker!' r = 0.829Nogo-B-GFP" GRAMD4-TagRFP!' r 
= 0.841!6ːȀʯɩ158Nogo'Ó46ıȼ¡ĳąŘ&Éğ" Ȅ
587GRAMD42%ıȼ¡%ʻȏ 	6Nogo-B" GRAMD4&Ȁ£Ǳ2




ıȼ¡!ɻ 7"ȇý8ıȼ¡%	7 Nogo-B&ȧñÉğ!7"7 
    5% Nogo-B GRAMD4"ȧñ7"! TLRȦɼ;#&4%Ðő7

ɢƤ71ÂąŘ Nogo-B Ġą$ Nogo-A/B ƵƀqI|j=R%	 
GRAMD4 ;d[IYA}7"%47Ōˁ;ƭɤʦǯĉqI|j=R%	
 GRAMD4 ;d[IYA7"%46 CpG-B ÑǙ% IL-6 ǰǯ'ʐ
(Figure 10B, C)ƌNogo-A/BƵƀȣȼ!'GRAMD4ǻǬūÐ%47 IL-6ǰǯ
ʐ'46ɐƒ!&ȧƥ
5ʦǯĉqI|j=R!' Nogo-B GRAMD4
&ĤľǧŢ%	7ūÐǼ£Ǳ;ʱĨ 	6GRAMD4 ǻǬʧ; 2ˇɐ
$Ōˁɞ58$"ȶ587ƌ! Nogo-A/B Ƶƀȣȼ!' Nogo-B %47ʱĨ






}Éğ!7 Unc93B1 "'ñ$";Ȇɩ 7ƌĔʠ&Jzl%
47ȅȐ
5 reticulon j=ryÉğ&!7 RTN1 ıȼ¡%ĳą7 Rab1
%Į7 GTPase activator protein ;ūÐǼ%Ðő7"ȇ8 7(Haas et al., 
2007)Rab1 " TLR &ʯʎ% '8.!č÷$Rab1 'ıȼ¡
5Nz
R¡+&ıȼʂʇ;Ðő7Éğ!7ƞȅȐ%	7 RAW-Nogo-B ;Ǳ





5ʵĔ ! GRAMD4" Rab1A
&ñ; 293T%	 ɢƤ"9ȷ&ŉȀ£Ǳ;ɞÈ(Figure 10D) 









Å ¡ ` 
 
    Nogo &ǻǬ'½Ƿȟ;õ0ĿŃȥȱ3ȣȼȎ!ɞ587½ǷŗȘ%	
7ƴȽ',"<#Ȅ58 $
ƞȅȐ%4 Nogo>@WjDs B'
ƪʣɩɰ TLR %4 ɪİ87½Ƿêŗ&Ʒ&ÐőĀğ!7"ƒ5
%$
Nogo-A/B ƵƀqAS!' poly(I:C)Ŭ%4 Ňɻ87O@^F@}ŗȘ
Ǒň"











GRAMD4 ;òĤƪʣɩɰ TLR ŗȘ;«ʐ7 Nogo-B "'Ƕ$6GRAMD4
' TLR93 TLR3ŗȘ;ūÐǼ%ÐőGRAMD4&ƴȽ;ɢƤ7"%4 
ıȼ¡
5NzR¡+&ıȼʂʇ;Ðő7 Rab j=ryGTPase !7 Rab1A 
GRAMD4"Ȁ£Ǳ7";ɞÈRab1A " GRAMD4 TLR&ʂʇ;Ðő
7Éğƴư'Ǭƻʷ!'ƒ!72&&ƞȅȐ%4 Nogo-B  GRAMD4 %
ȧñ7"! GRAMD4&ūÐǼ£Ǳ;ʱĨƪʣÑǙ%4 ʭĜ87½Ƿŗ
Ș;ǆŘÜ 7"ȇý8ƌ! GRAMD4' TLRÑǙ%ǻǬđŉ8












 NgR13 PirB Nogo"ñ7îȽŘȇ8 7 Nogo"òƱ%




ʀȢʬʱĨ£Ǳ;ű MAG 3 OMgp 2 NgR1 3 PirB "ñ7"8 7






    ŊȅȐħ!' PirB qAS B-1 ȣȼ%	 TLR9 QJ`zȦɼ;ɳ%Ðő
7";č÷ 7ƞȅȐ%	 2ŊÌ' Nogo-B%47ƪʣɩɰ TLRŗȘ
Ðő' PirB "&ñ%§Ġ7"ŞĤ2&&ƞȅȐ!'qI|j=R293T







Nogo ñÉğ" Ȅ587NgR1 mRNA &ǻǬfX}'ɀŕɇè)ɂɇ%
ʳ58 	6&ƝƬȥȱ%'ǻǬ$"87.ƞȅȐ%	7





















ʇ;«ʐ7(Liu et al., 2008)ƌ! TLR&ıȼ¡
5ȣȼɆ3C}_yWWs+
&ĳąēÜ'yG}_ɩɰ"QJ`zȦɼ&ǆŘÜ%Ŗ˃!7&ĳąēÜ%Ŗ˃
&Éğ" ıȼ¡ɆɶʋX}fIɷ!7 Unc93B1PRAT4Agp96òĤ8 
7TLR &ʂʇ'&ɆÉğ"òƱ%ıȼʂʇȟÏǱ87"ɞ587&
ȏ/ɍÉğ&ʜÎıȼ&ŋť"ɕñ$#'88& TLR ;ʚÊ$X@r}J!









7"ȇý8 7(Wang et al., 2007; Wang et al., 2010)Ƙʅ Lee5'ıȼ¡
5
NzR¡+&ǥɷʂʇ&S\[l&!7 COPII ıȼ+&Éğ&Ȍɗ% 
Unc93B1ƪʣɩɰ TLR&ʂʇ;ǿźÐő7"č÷(Lee et al., 2013)ıȼʂʇ
%	 Rab1'ıȼ¡ǲƢ&COPII ıȼ;NzR¡+ɕñ7ʹ%Ŗɝ"$7ıȼ
ªǵĀğ p115;Űʻ7"87(Allan et al., 2000; Short et al., 2005)ƌ! GRAMD4
& GRAM _t@}(Glucosyltransferases, Rab-like GTPase activators and Myotubularins 
domain)'
& Rab-like GTPase activator%ɞ587(Short et al., 2005)&
GTPase activator " &ƴȽ% GRAM _t@}'Ŗ2Ŗɝ!'$4!7




Rab1A 'Áǂ8'ȧñȀŨ" GRAMD4 ;Ǳʹ& Rab1A &Áǂ4
62ɐň2&!6ÂąŘ& GRAMD4; Nogo-B Rab1A"Ȁ£Ǳ
 71"ȶ587ƞȅȐ!ȇý8TLRŗȘ%	7Nogo-B"GRAMD4
&ƴȽ;ȶţ7"ĤľǧŢ&½Ƿȣȼ%	 Nogo-B ' GRAMD4 %ȧñ7
"! GRAMD4&ƴȽ;ʱĨ 7TLRÑǙ%4 ǆŘÜȣȼ!'Ñ





7Rab1A%47 TLR&ʂʇ+&ʯ&ƭɤè) Nogo-B" GRAMD4ƪʣɩɰ
TLR ǦǶǼ%ĳąēÜ;Ðő7Éğƴư;ɢƒ%71%'Ŏ&46ɨȣ$
ɢƤŖɝ!7









˕. GRAMD4 Nogo-B&ȧñÉğ" òĤ8GRAMD4'ƪʣɩɰ TLRŗȘ
%	 ūÐǼ%£Ǳ7"Íƒ 
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(A) Nogo>@WjDs A/B%Į7ǦǶǼŭ¡;Ǳ ʦǯĉè) Nogo-A/BƵƀ
qAS
5ɬɛɀȥȱè) BMM&ABSX}k|[^ɢƤ;ɗ|]?}
JM}^|z%' Erk1/2 ;Ǳ]X' 3 ÿ&ǨȒĥˍ&ə¥"
 ȇ(B)ʦǯĉqAS&ɀȥȱè) BMM
5ŮÈ mRNA;Ǳ y>zX
@s PCRɢƤ;ɗnogo-A-B-CǻǬʧ;ĤʧmRNAǻǬʧ' Hprt1 mRNA
&MiƇ%46ƲǖÜ]X'ǨȒ 3ÿ&ĥˍȧƥ& mean ± SEM!ə
(C) B220ʶŘ& BȣȼCD3ʶŘ& Tȣȼ'ʦǯĉqAS&Ɂɇ
5 MACSh





Figure 3  Nogo-A/B p£c:&B6D+PUm
 
(A)ʦǯĉè) Nogo-A/B ƵƀqASǲƢ& BMM ;ċˌl{^
5ÿë
anti-CD11bè) anti-F4/80ŭ¡!Ƨɋ j|O@^t^yɢƤ;ɗ(B)ʦǯ
ĉè) Nogo-A/B ƵƀqASǲƢ& BMM ;ɔ¼Ʋɰ8pySZ{}hT
(Fluoresbrite YG Microspheres)! 4°C .' 37°C%	 30ÉʮÑǙǅǈŎ%
ȣȼ;ÿëhT&ɵˊʧ;j|O@^t^yɢƤ 
]X' 3ÿ&ǨȒĥˍ&ə¥" ȇ 
 
ă&ɫƒ                                 !
 




(A)ʦǯĉè) Nogo-A/BƵƀqASǲƢ& BMM; 10 ng/ml LPS100 ng/ml FSL-10.1 
µM CpG-B.' 10 µg/ml poly(I:C)! 6Ɣʮ.' 24ƔʮÑǙÑǙŎ&ċˌ
Ǐ%õ.87 IL-6 Ǜń; ELISA !ǔĤ]X' triplicate &O}lz& mean ± 
SEM!əǨȒ 3ÿ&ĥˍȧƥ&ə¥" ȇ(B) ʦǯĉè) Nogo-A/B
ƵƀqASǲƢ& BMM; 10 ng/ml LPS100 ng/ml Pam3CSK4100 ng/ml FSL-10.1 µM 
CpG-B10 µg/ml poly(I:C).' 300 ng/ml R837! 1Ɣʮ.' 4ƔʮÑǙÑǙ
Ŏ&ȣȼ& mRNA;Ǳ y>zX@s PCRɢƤ;ɗIl-6 mRNAǻǬʧ;Ĥʧ
mRNA ǻǬʧ' Hprt1 mRNA &MiƇ%46ƲǖÜ]X' triplicate&
O}lz& mean ± SEM!əǨȒ 3ÿ&ĥˍȧƥ&ə¥" ȇ
(C)ʦǯĉè) Nogo-A/BƵƀqASǲƢ& BMM; 0.1 µM CpG-B! 1Ɣʮ
5 6Ɣʮ
ÑǙÑǙŎ&ȣȼ& mRNA;Ǳ y>zX@s PCRɢƤ;ɗIl-6Tnf
Il-12bIl-1bCxcl1è) Il-10 mRNAǻǬʧ;ĤʧmRNAMiƇ' Hprt1 mRNA
&MiƇ%46ƲǖÜ]X' duplicate&O}lz& mean ± SEM!əǨ
Ȓ 3ÿ&ĥˍȧƥ&ə¥" ȇ(D—F)ʦǯĉè) Nogo-A/BƵƀqAS
ǲƢ& BMM; 0.1 µM CpG-B! 5Éʮ
5 60Éʮ(D)3 µg/ml poly(I:C)! 10Éʮ
5
120Éʮ(E)1 ng/ml LPS! 5Éʮ
5 60ÉʮÑǙ(F)ÑǙŎ&ȣȼǗɢǌ;Ǳ
 ABSX}k|[^ɢƤ;ɗIκB-α &ǻǬʧè) p38Erk1/2STAT1 &y
}ʣÜ{mz;ɦ¨|]?}JM}^|z%' p38Erk1/2 .' STAT1
;Ǳ]X' 3ÿ&ǨȒĥˍ&ə¥" ȇ 
 




Èn = 4(B—D)òʏˑ&ʦǯĉè) Nogo-A/BƵƀʼqAS&ɄɃ% 
poly(I:C) (5 mg/kg body weight)LPS (15 mg/kg body weight).'ǯǭˊďƿ;Ŭ
& 3ƔʮŎ%ɖǏ"Ɂɇȣȼ;ÿëɖǏ& IL-6" IL-12p40Ǜń' ELISA!
ǔĤɁɇȣȼ
5ŮÈ mRNA 'y>zX@s PCR ɢƤ;ɗIl-6 " Ifnb 
mRNAǻǬʧ;ĤʧmRNAǻǬʧ' Hprt1 mRNA&MiƇ%46ƲǖÜ
ʦǯĉ" Nogo-A/BƵƀqAS&ʮ! t-test%47ȨɣġǼɢƤ;ɗ*p < 0.05è)
**p < 0.01!ƙŠĹ7"ÍĤN.S. (not statistically significant)'t-test%47Í
ă&ɫƒ                                 !
 
   33
 








&ɔ¼ŉń(mean fluorescence intensity; MFI); 1.0" ÑǙŎ& Cy5&ɔ¼ŉń;J
xj" ȇ]X'ǨȒ 3ÿ&ĥˍȧƥ&ə¥"85& mean ± SEM
!əN.S.'t-test %47ÍĤ!ĹǠ";ȇ 7(B)ʦǯĉè)
Nogo-A/BƵƀqASǲƢ& BMM; 0.5 µM CpG-B-Cy5 (ɹ)! 10ÉʮÑǙȣȼ
;ǅǈŎ%ĄĤanti-Rab5ŭ¡(Ȯ)!Ƨɋ;ɗÁǡǟ{Pˇœʫ!ɢƤ
°ǫ' 180°SKze' 20 µm!7]X' 3ÿ&ǨȒĥˍ&ə¥"
 ȇ (C)ʦǯĉè) Nogo-A/BƵƀqASǲƢ& BMM; 0.2 µM CpG-B-Alexa 
Fluor 647 (ɹ)! 60ÉʮÑǙòƔ% 60 nM LysoTracker Red DND-99!Ƨɋ°
ǫ' 300°SKze' 10 µm!7]X' 3ÿ&ǨȒĥˍ&ə¥"
 ȇ (D)ʦǯĉNogo-A/BƵƀ	4) TLR9ƵƀqASǲƢ& BMM; anti-TLR9
ŭ¡(clone B33A4).' anti-TLR4ŭ¡!Ƨɋj|O@^t^yɢƤ%4 
TLRǻǬʧ;ɦ¨anti-TLR9ŭ¡%47Ƨɋ&Ďñ&/ĄĤ"ɆʊʕÇǭ;ɗ
ȣȼ;¤Ǳ]X' 3ÿ&ǨȒĥˍ&ə¥" ȇ 
 
Figure 7 Nogo-B TLR9"C2?..D<bZ\Ui¦
 
(A)ʦǯĉè) Nogo-A/B ƵƀqASǲƢ& BMM %{^|A@zS;Ǳ 
TLR9-GFP(Ȯ);ǻǬLysoTracker Red DND-99(ɹ)! 1ƔʮƧɋ;ɗÁǡǟ{
Pˇœʫ!ɢƤ°ǫ' 480°SKze' 10 µm!7mergeǴ¸
&ȃãƌô% cross-line scan;ɗTLR9-GFPè) LysoTracker&ɔ¼ŉń;ï&gS
^Jxs%ə]X' 3ÿ&ǨȒĥˍ&ə¥" ȇ (B) (A)%	
7ĥˍ"òơ!ʦǯĉè) Nogo-A/B ƵƀqASǲƢ& BMM %	 cross-line 
scan;ɗTLR9-GFP" LysoTracker&ɔ¼ŉń&Ȁʯ;Peason correlation coefficients
%4 ǁ188 100¯& BMM%	 ]X;ìŐșÈȀʯªƇ
' mean ± SEM " Jxj%əʦǯĉȣȼ" Nogo-A/B Ƶƀȣȼ&ʮ! t-test
%47ȨɣġǼɢƤ;ɗ**p < 0.01!ƙŠĹ7"ÍĤ(C)ʦǯĉNogo-A/B
ă&ɫƒ                                 !
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Ƶƀ	4) TLR9 ƵƀqASǲƢ& BMM ;ĄĤanti-TLR9 ŭ¡(clone J15A7) (Ȯ)
è) anti-LAMP1ŭ¡(ɹ)!Ƨɋ;ɗÁǡǟ{Pˇœʫ!ɢƤ°ǫ' 480
°SKze' 5 µm!7]X' 3ÿ&ǨȒĥˍ&ə¥" ȇ
(D) ʦǯĉè) Nogo-A/BƵƀqASǲƢ& BMM
5ŮÈmRNA;Ǳ y>z
X@s PCR ɢƤ;ɗUnc93b1 mRNA ǻǬʧ;ĤʧmRNA ǻǬʧ' Hprt1 
mRNA&MiƇ%46ƲǖÜ]X'ǨȒ 4ÿ&ĥˍȧƥ& mean ± SEM
!ə(E, F) PRAT4A (E).' MyD88IRAK1TRAF6Nogo-A/B (F)%Į7Ǧ
ǶǼŭ¡;Ǳ ʦǯĉè) Nogo-A/BƵƀqASǲƢ& BMM&ABSX}k|[
^ɢƤ;ɗ|]?}JM}^|z%' Erk1/2 ;Ǳ]X' 3 ÿ
&ǨȒĥˍ&ə¥" ȇ 
 
Figure 8 :&B6D+NogoPirBGJ 
(A) ʦǯĉè) Nogo-A/BƵƀqASǲƢ& BMM&ȣȼǗɢǌ;Ǳ anti-PirBŭ¡
!½Ƿǂʲ;ɗNogo-A/Bè) PirA/B%Į7ǦǶǼŭ¡!ABSX}k|[^ɢ
Ƥ(B) FLAGɕñ Nogo-B.' FLAG emptymIX""2% GFPɕñ PirBǻ
ǬmIX; 293Tȣȼ%^x}SjBIQw}48ƔʮŎ%ȣȼ;ÿë&
ȣȼǗɢǌ;Ǳ anti-PirB ŭ¡!½Ƿǂʲ;ɗPirA/B è) FLAG %Į7ǦǶ
Ǽŭ¡!ABSX}k|[^ɢƤ(C) GFPɕñ PirB.' GFP emptymIX
""2% FLAGɕñ Nogo-BǻǬmIX; 293Tȣȼ%^x}SjBIQw}48
ƔʮŎ%ȣȼ;ÿë&ȣȼǗɢǌ;Ǳ anti-FLAG ŭ¡!½Ƿǂʲ;ɗ
PirA/Bè) FLAG%Į7ǦǶǼŭ¡!ABSX}k|[^ɢƤ 
]X' 3ÿ&ǨȒĥˍ&ə¥" ȇ 
 
Figure 9 s§ Nogo-BWP]X^ GRAMD4{¹
¬± TLRj²Qg 
(A) FLAGɕñ Nogo-B.' FLAG emptymIX""2% Mycɕñ GRAMD4ǻǬ
mIX; 293Tȣȼ%^x}SjBIQw}48ƔʮŎ%ȣȼ;ÿë&ȣ
ȼǗɢǌ;Ǳ anti-FLAG ŭ¡!½Ƿǂʲ;ɗMyc è) FLAG %Į7ǦǶǼ
ŭ¡!ABSX}k|[^ɢƤ(B) RAW264.7 % Gramd4 ʝğ;ƲǼ" 3 
nM& siRNA (siGramd4).'cG\?kM}^|z siRNA (siCtrl);^x}SjBI
Qw}60ƔʮŎ% RNA;ŮÈ y>zX@s PCRɢƤ;ɗGramd4 mRNA
ǻǬʧ;ĤʧmRNAǻǬʧ' Hprt1 mRNA&MiƇ%46ƲǖÜsiCtrlİ
¿ȣȼ%	7ǻǬ; 100%" Jxj%ə]X'ǨȒ 3ÿ&ĥˍȧƥ
ă&ɫƒ                                 !
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& mean ± SEM!ə(C) siRNAİ¿& 60ƔʮŎ%(B)& RAW264.7; CpG-B!Ñ
Ǚ4ƔʮŎ% RNA;ŮÈ y>zX@s PCRɢƤ;ɗIl-6 mRNAǻǬʧ;
ĤʧmRNA ǻǬʧ' Hprt1 mRNA &MiƇ%46ƲǖÜ]X'ǨȒ
 3ÿ&ĥˍȧƥ& mean ± SEM!əsiCtrlİ¿ȣȼ" siGramd4İ¿ȣȼ&ʮ
! t-test%47ȨɣġǼɢƤ;ɗ*p < 0.05è)**p < 0.01!ƙŠĹ7"ÍĤ
(D) FLAGɕñ Nogo-B.' FLAG emptymIX""2% Mycɕñ LRCH4ǻǬ
mIX; 293Tȣȼ%^x}SjBIQw}48ƔʮŎ%ȣȼ;ÿë&ȣ
ȼǗɢǌ;Ǳ anti-FLAG ŭ¡!½Ƿǂʲ;ɗMyc è) FLAG %Į7ǦǶǼ
ŭ¡!ABSX}k|[^ɢƤ(E) RAW264.7 % Lrch4ʝğ;ƲǼ" 3 nM
& siRNA (siLrch4).' siCtrl;^x}SjBIQw}60ƔʮŎ% RNA;ŮÈ
 y>zX@s PCRɢƤ;ɗLrch4 mRNAǻǬʧ;ĤʧmRNAǻǬʧ'Hprt1 
mRNA &MiƇ%46ƲǖÜsiCtrl İ¿ȣȼ%	7ǻǬ; 100%" Jxj
%ə]X' duplicate&O}lz& mean ± SEM!əǨȒ 3ÿ&ĥˍȧ
ƥ&ə¥" ȇ(F) siRNAİ¿& 60ƔʮŎ%(E)& RAW264.7; CpG-B!Ñ
Ǚ4ƔʮŎ% RNA;ŮÈ y>zX@s PCRɢƤ;ɗIl-6 mRNAǻǬʧ;
ĤʧmRNAǻǬʧ'Hprt1 mRNA&MiƇ%46ƲǖÜ]X' duplicate
&O}lz& mean ± SEM!əǨȒ 3ÿ&ĥˍȧƥ&ə¥" ȇ(G) 
RAW264.7 % Mycɕñ GRAMD4ǻǬmIX.' Myc emptymIX""2%z
QjBxV{pXlxSr_(pELAM1-Luc è) pGL4.74-TK-Luc);^x}Sj
BIQw}ʝğİ¿& 60ƔʮŎ% CpG-Bpoly(I:C).' 10 ng/ml LPS!ÑǙ
6ƔʮŎ%ȣȼ;ǗɢǗɢǌ&zQjBxVǆŘ;ǔĤELAM1
{pX&ǆŘ' pGL4.74{pX&ǆŘ%46ƲǖÜrelative light units (RLU)
" Jxj%ə]X' triplicate&O}lz& mean ± SEM!əǨȒ
3ÿ&ĥˍȧƥ&ə¥" ȇ(H) ʦǯĉqASǲƢ& BMM; 0.2 µM&
CpG-B ! 24 .' 48 ƔʮÑǙȣȼ;ǗɢGRAMD4 è) Nogo-A/B %Į
7ǦǶǼŭ¡;Ǳ ABSX}k|[^ɢƤ;ɗ|]?}JM}^|z%
' Erk1/2;Ǳ]X' 3ÿ&ǨȒĥˍ&ə¥" ȇ 
 
Figure 10 GRAMD4 Nogo-B Rab1AW
{¹¬
± TLR³Qg 
(A)ʦǯĉqASǲƢ& MEF% GFPɕñ Nogo-B (Ȯ);ǻǬıȼ¡; ER-Tracker 
(ɹ)!Ƨɋ(i—iii)MEF % TagRFP ɕñ GRAMD4 (ɹ);ǻǬıȼ¡;
ER-Tracker (Ȯ)!Ƨɋ(iv—vi)MEF % GFP ɕñ Nogo-B (Ȯ)è) TagRFP ɕñ
ă&ɫƒ                                 !
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GRAMD4 (ɹ);ǻǬ(vii—ix)ƧɋŎ%ȣȼ;ĄĤÁǡǟ{Pˇœʫ!ɢ
Ƥ°ǫ' 120 °SKze' 20 µm !7merge Ǵ¸&ȃãƌô%
cross-line scan;ɗNogo-B-GFPTagRFP-GRAMD4.' ER-Tracker&ɔ¼ŉń;
ï&gS^Jxs%ə88 100¯& MEF%	7]X;ìŐɔ¼ŉ
ń&Ȁʯ; Peason correlation coefficients%4 ǁ1&ŁĈ³"Ʋǖ´Ĺ;șÈ
]X' 3ÿ&ǨȒĥˍ&ə¥" ȇ(B) ʦǯĉè) Nogo-A/BƵ
ƀqASǲƢ& BMM% 20 nM& siGramd4.' siCtrl;^x}SjBIQw}
48ƔʮŎ% RNA;ŮÈ y>zX@s PCRɢƤ;ɗGramd4 mRNAǻǬʧ;Ĥ
ʧmRNAǻǬʧ' Hprt1 mRNA&MiƇ%46ƲǖÜsiCtrlİ¿ȣȼ%	
7ǻǬ; 100%" Jxj%ə]X' triplicate&O}lz& mean ± SEM
!əǨȒ 3 ÿ&ĥˍȧƥ&ə¥" ȇ(C) siRNA İ¿& 60 ƔʮŎ
%(B)& BMM; CpG-B!ÑǙ6ƔʮŎ%ċˌǏ& IL-6Ǜń; ELISA!ǔĤ
]X' triplicate&O}lz& mean ± SEM!əǨȒ 3ÿ&ĥˍȧƥ&
ə¥" ȇsiCtrlİ¿ȣȼ" siGramd4İ¿ȣȼ&ʮ! t-test%47ȨɣġǼɢ
Ƥ;ɗ*p < 0.05è)**p < 0.01!ƙŠĹ7"ÍĤ(D, E) FLAGɕñ Nogo-B
FLAGɕñ GRAMD4.' FLAG emptymIX""2%Mycɕñ Rab1AǻǬmIX
; 293Tȣȼ%^x}SjBIQw}48ƔʮŎ%ȣȼ;ÿë&ȣȼǗɢ
ǌ;Ǳ anti-FLAG ŭ¡!½Ƿǂʲ;ɗMyc è) FLAG %Į7ǦǶǼŭ¡!
ABSX}k|[^ɢƤ]X' 3ÿ&ǨȒĥˍ&ə¥" ȇ 
 
Figure 11 Nogo-B GRAMD4H{¹¬± TLR³Qg
}~eY 
ʦǯĉȣȼ!'ıȼ¡! Nogo-B GRAMD4%ȧñ7"!&ūÐǼ£Ǳ;
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